Arrangement of substrates at the active site of yeast phosphoglycerate kinase. Effect of sulfate ion.
beta, gamma-Bidentate CrATP, a stable exchange-inert metal-nucleotide analog, was used as a probe of the conformation of the substrates at the active site of yeast phosphoglycerate kinase (PGK). The paramagnetic effects of Cr3+ on the longitudinal relaxation rates (1/T1p) of the 1H, 31P, and 13C nuclei of 3-phospho-D-glycerate (3PGA) were examined to determine the distances between enzyme-bound CrATP and the nuclei of 3PGA in the ternary PGK.CrATP.3PGA complex. Kinetic studies indicated that Ki(CrATP) was dependent on the concentration of 3PGA that was abolished in the presence of activator sulfate ion. Similarly, NMR studies showed that the environment of CrATP bound at the active site was altered by the presence of sulfate ion. The determined metal-to-nucleus distances show the close proximity of the substrates at the active site of PGK, which is consistent with a hinge-bending mechanism of the enzyme for bringing the two substrates together. Additionally, the presence of an activating concentration of sulfate was observed to cause significant changes in both the relative Cr(3+)-to-3PGA distances and the overall conformation of 3PGA when compared to the findings in the absence of sulfate. This is consistent with the active site being in a "less closed" configuration when sulfate is present. Under both conditions, models can be constructed that allow for direct transfer of a phosphoryl group between the bound substrates.